In this work, we perform a combined model independent analysis of the R(D), R(D * ) and R(J/ψ) anomalies in the framework of the four-fermion effective field theory, by paying special attention to the employ of the hadronic form factors. For the B → D(D * ) transition form factors, we use the HQET parametrization that include the higher order corrections of O(α s , Λ QCD /m b,c ) and determined recently from a fit to lattice QCD and lightcone sum rule results in complementary kinematical regions of the momentum transfer. For the B c → J/ψ(η c ) transitions, we use the form factors calculated in the covariant light-front quark model, which are found to be well consistent with the preliminary lattice results. From our analysis, the two classes of vector operators are shown to be the most favored single new physics (NP) operators by the current experimental constraints within 2σ and the LEP1 data on Br(B c → τν) as well as the minimum χ 2 fit, while the tensor operator is also allowed but severely constrained, and the scalar ones are excluded. Using the favored ranges and fitted values of the Wilson coefficients of the single NP operators, we also give prognosis for the physical observables such as the ratios of decay rates (R(D(D * )), R(J/ψ(η c ))) and other polarized observables as well as the q 2 distributions.
I. INTRODUCTION
The imprints of new physics (NP) beyond the standard model (SM) can be examined via both the direct approach (probing for NP signals) and the indirect approach (precisely testing the SM). For the indirect approach to explore NP, semi-leptonic B decays via both the charged and neutral current processes play pivotal roles, especially given that several anomalies in these decays have been observed in recent years, which indicate (2 − 4σ) deviations from the measurements to the SM predictions and therefore have attracted a lot of interest (for reviews, See [1] [2] [3] ). One of the involved physical observables, for the charged current process b → cτν, is defined as
Br(B → D ( * ) ν) , with = µ, e.
a reliable analysis, we carefully consider the employ of the hadronic form factors for both the B → D(D * ) and B c → J/ψ(η c ) transitions. For the formers, the heavy quark field theory (HQET) parametrization of the form factors are used in most of the existing experimental and theoretical analyses due to the lack of the experimental data to precisely determine them. Although HQET is expected to well describe the non-perturbative effects in these single heavy quark systems, deviations of its predictions for the B → D ( * ) form factors from those obtained by using lattice QCD in regions of small hadronic recoil have been observed [45, 46] , suggesting the importance of a reconsideration of the HQET form factors. In the study of b → clν transitions [47] , the authors included the O(α s , Λ QCD /m b,c ) and (part of) the O(Λ
II. EFFECTIVE FOUR-FERMION INTERACTIONS AND OPERATOR BASIS
The semileptonic decays of B mesons via b → cτν in the SM can be described by the left handed four-fermion interaction as an effective theory. In the presence of NP the effective Lagrangian can get modified by incorporating new operator basis that includes all possible four fermion interactions. If the neutrinos are assumed to be left-handed and their flavors are not differentiated, the effective Lagrangian can be expressed as
where the four-fermion operator basis can be defined as
and C X (X = S 1 , S 2 , V 1 , V 2 , and T ) are the corresponding Wilson coefficients with C X = 0 in the SM. By using the effective Lagrangian given in Eq. (3) one can compute the following hadronic matrix elements for the decays B → D(D * )τν and B c → η c (J/ψ)τν [16, 17] : 
where λ M and λ represent the meson and virtual particle helicities with the values λ M = 0, ±1 for pseudoscalar and vector meson respectively and λ = 0, ±1, t for the virtual particle. The amplitudes given in Eq. (5) can be expressed in terms of transition form factors for the above mentioned decays and further used to calculate physical observables such as the unpolarized and polarized decay rates. Formulas for the physical observables in terms of the hadronic matrix elements are given in [16, 17] . In order to compute the observables involved in semileptonic B decays and make reliable conclusions on the possible NP effects, it is worthwhile to take care of the form factors which result in major theoretical uncertainties. In the next section we shall elaborate on the B → D(D ( * ) ) and B c → η c (J/ψ) form factors used in our analysis.
For the B → D ( * ) form factors, we shall use as numerical inputs the results fitted in [47] , of which the authors follow to use the HQET parametrization in [63] The HQET parameters such as the sub-leading Isgur-Wise functions are determined by a global fit to the lattice results [48, 49] at small hadronic recoil points and the LCSR results [50] in the region of large hadronic recoil, with the the strong unitarity constraints [45, 51] also being imposed. The HQET form factors for the B → D transitions are defined through
where v = p/m B and v = k/m D are respectively the four velocities of the B and D mesons, and the dimensionless kinematic
is used instead of the momentum transfer
For the B → D * transitions the following definitions are used:
where σ µν = 
Here we follow the notations in [63] but the coefficients of the O(α s ) contributions should not be mixed up with the Wilson coefficients C X in Eq. (3). 
Withχ 3 (1) = 0 implied by the Luke's theorem, up to O(ε c,b (w − 1)) the subleading Isgur-Wise functions can be approximated as follows:χ
The expressions for C X (corresponding to α s ≈ 0.26) can be found in [63] , which are lengthy and not presented in this work. To ensure the cancellation of the leading renormalon associated with the pole mass, the 1S mass scheme has also been used, namely in theΛ/2m 
1S
b is imposed [63] . In the global fit performed in [47] , O( As mentioned in the introduction, the CLFQM form factors [56] 2 for B c → η c and B c → J/ψ transitions are well consistent with the preliminary lattice results [66, 67] obtained by the HPQCD Collaboration, therefore we use them as our numerical inputs in this work. The B c form factors of the vector and axial-vector operators are defined through the following matrix elements:
where the form factors are parametrized as
in the full kinematical range of q 2 , of which the results computed in the covariant light-front quark model [56] are listed in Table I . These results are consistent with the preliminary lattice results for F 0 , F 1 , A 1 and V at all available q 2 values obtained by the HPQCD Collaboration [66, 67] , which can be clearly seen in Figure 1 . The form factors of the tensor operators are defined through
where T (q 2 ) can be related to V(q 2 ) and A(q 2 ) through the quark level equations of motion:
where we use the quark masses in the MS renormalization scheme at the scale µ = m b .
V. EXPERIMENTAL CONSTRAINTS ON THE WILSON COEFFICIENTS
In this section, we shall perform our numerical analysis of the experimental constraints on the Wilson coefficients for single NP operators in the effective lagrangian given in Eq. (3). In order to make a general model-independent analysis, we first perform a minimum χ 2 fit of the Wilson coefficients to the experimental data of different observables such as the ratios R(D ( * ) ) and R(J/ψ) and the τ polarization P τ (D * ) for each NP scenario. Other than the fit, we shall try to obtain the allowed region of the Wilson Coefficients by the current experimental data on R(D ( * ) ) and R(J/ψ) within 1σ and 2σ and limit of Br(B c → τν) obtained from LEP1 data. Final conclusions will be made based on both the results of the fit and the favored regions by the experimental constraints.
In our methodology of minimum χ 2 fit, the χ 2 as a function of the Wilson coefficient C X is defined as
where O th m,n (C X ) are the theoretical predictions for R(D), R(D * ), P τ (D * ) etc., and O exp m,n are the corresponding experimental measurements, which are listed in Table II . V exp and V th are respectively the experimental and theoretical covariance matrices, which are calculated by taking the correlations listed in Table II and Table III. TABLE II: Experimental data used in the fit. (58)(42) 0.332(24)(18) −0.27 − − Belle [6] 0.375 (64)(26) The fitted Wilson coefficients in each NP scenario are listed in Table IV . Using these values, we predict all the observables in the SM and the NP scenarios, which are respectively listed in Table V and VII in the next section. Fig. 2 depicts the the correlations between R(D), R(D * ) and R(J/ψ) in the presence of each single NP operator. The horizontal and vertical bands represent the experimental constraints at 1σ confidence level (C.L.). One can see that the S 2 , V 2 and T operators can explain the experimental values of R(D) and R(D * ) within 1σ, but when R(J/ψ) is taken into account, all single-operator scenarios can no longer accommodate the 1σ experimental constraints.
At the C.L. of 2σ, typical allowed regions for the Wilson coefficients are obtained, as depicted in Fig. 3 . In addition to the measurement of the ratios R(D ( * ) ) and R(J/ψ), there have been other experimental constraints on the NP effects in b → cτν transitions, namely the measurement of the B c life time [60, 61] and the branching fraction of B c → τν [59] . Here we consider the constraint from the latter, which is more restrictive than that from the B c life time. The LEP1 Data taken at the Z peak has given an upper limit on Br(B c → τν), which we consider in our analysis. The explicit expression for this constraint is [59] Br(B c → τν) = τ B c 1 8π
where τ B c and f B c are respectively the B c lifetime and decay constant and their values used in this work are listed in Appendix A. In Fig. 3 one can see that the S 1 scenario is excluded merely taking into account the constraints from R(D) and R(D * ) within 2σ. For the S 2 scenario, although it can simultaneously accommodate R(D ( * ) ) and R(J/ψ) and has the best χ 2 value (as can be seen in Table IV) , it is excluded by the constraint from Br(B c → τν). The remaining NP scenarios, namely the V 1 , V 2 and T scenarios, are able to explain the current experimental data at 2σ. Among these scenarios, the ones corresponding to the V 1 and V 2 operators have distinctive allowed regions by the experimental measurements of R(D ( * ) ) and R(J/ψ) as well as small χ 2 values in the fit. However the T scenario is severely constrained and has a larger χ 2 value. Therefore, in our analysis, the V 1 and V 2 scenarios are observed to be the most favored single-operator NP scenarios by the current experimental data, and V 2 has even a better χ 2 value than V 1 in the fit. The favored regions of different NP scenarios obtained in this work can be compared with those in [13] , where the HQET form factors for the B → D ( * ) transitions are also used but only part of the O(α s , Λ QCD /m b,c ) contributions are included following earlier works [16, 17] , and for the B c → η c (J/ψ) transitions [52] the PQCD form factors are used, instead of the CLFQM form factors adopted in this work. In [13] , V 1 , V 2 and T scenarios are favored by the experimental constraints from R(D ( * ) ) and R(J/ψ) within 2σ and the LEP1 data on Br(B c → τν), and the V 1 and V 2 scenarios have the same χ 2 value. In contrast, in our analysis, the V 1 and V 2 scenarios are still favored by the experimental constraints but the T scenario is severely restricted, while in the fit, the V 2 scenario has a better χ 2 value than the V 1 scenario. 
VI. PREDICTIONS FOR THE OBSERVABLES
The fitted results in Table IV and the allowed range by the experimental constraints in Figure 3 of the Wilson coefficients can be used to probe the NP effects via different physical observables in b → cτν transitions. In this work other than the lepton universality ratio R, we also investigate the NP effects through the longitudinal polarization asymmetry of the τ lepton, longitudinal polarization of the final state vector meson P M and the forward-backward asymmetry A FB of the τ lepton, which are defined as
where λ τ denotes the τ helicity in the rest frame of the leptonic system, λ M is the helicity of D * (J/ψ) in the B (c) rest frame, and θ is the angle between the momenta of τ and B (c) in the rest frame of τν.
The detailed expression for the physical observables mentioned above are given in [17] . We now discuss the numerical results for the above physical observables. Using the hadronic form factors given in Section III and IV we obtain the SM and NP predictions. In Table V and VII, we list the predictions obtained by using the fitted Wilson coefficients given in Table IV, while in  Table VI and Table VIII we present the predicted ranges obtained by using the allowed regions of the Wilson coefficients shown in Figure 3 . From Table V , we observe that the SM predictions for R(D ( * ) ) decrease as compared to the values R(D) = 0.305±0.012 and R(D * ) = 0.252 ± 0.004 obtained in early works [16, 17] , where the HQET form factors used only include part of the O(α s , Λ QCD /m b,c ) contributions. Furthermore, Our SM prediction for R(J/ψ) presented in Table VII show that its value also decrease as compared to the value R(J/ψ) = 0.283 obtained in [13] . Therefore from the analysis of the lepton universality ratios in the SM one can argue that the choice of transition form factors lead to decrease in the SM predictions and make them further deviate from the experimental values. By incorporating the effects from single NP operators, an interseting feature arises in R(D) and R(D * ) obtained using the fitted values of Wilson coefficients: in the V 2 scenario, the obtained values of the ratios (shown in Table V ) are quite close to the current world averaged values R(D) = 0.407 ± 0.024 and R(D * ) = 0.304 ± 0.013 ± 0.007 [12] . In addition to the ratios of the decay rates, we also give predictions for P τ (D * ) in Table V , which can be compared with the experimental value obtained by Belle (given in Table II ) and the theoretical predictions in [13] , which are -0.50 in the SM, the V 1 scenario and the V 2 scenario, and 0.14 in the T scenario. Our results for the SM, the V 1 scenario and the V 2 scenario are very close to the ones obtained in [13] but for the T scenario our value is about 0.27 of theirs. These results suggest O V 1 and O V 2 can better explain the measurement of P τ (D * ) than O T does. 
0.279 (7)(0) To further analyze the NP effects, we also study the q 2 distribution of the observables for the V 1 , V 2 and T scenarios, given the S 1 and S 2 scenarios are disfavoured by previous analysis. In Figure 4 , we plot the differential ratios R D (q 2 ) and R D * (q 2 ) in the full kinematical ranges of q 2 . We present both the SM results and the NP results (corresponding to fitted Wilson coefficients in Table IV and the experimental constraints shown in Figure 3 ). It is shown in Figure 4 that in the SM the differential ratios R D ( * ) (q 2 ) monotonously increase with q 2 and the inclusion of O V 1 and O V 2 do not affect this trend but slightly increase the predictions in the full ranges of q 2 . In contrast, although the T scenario is strongly restricted by the experimental constraints within 2σ and the allowed region is small, the O T operator has notable effects on R D * (q 2 ): the resulting curves present inflexions, which is an distinctive feature for identifying the NP effects generated by the tensor operator (if any). The differential ratios R η c (q 2 ) and R J/ψ (q 2 ) (shown in Figure 5 ) have very similar behaviours as R D (q 2 ) and R D * (q 2 ), with the main difference being that O T has less effects on R J/ψ (q 2 ): it only decreases the predictions at high q 2 . In Figure 6 , we show the q 2 distributions of the τ longitudinal polarization. We find O V 1 and O V 2 have no effects on P D τ (q 2 ) and P η c τ (q 2 ) and so the corresponding figures are not presented. Besides, O T only slightly decrease the predictions without changing the shape of the curves, therefore it might be difficult to identify the NP effects from these two differential observables. Similarly, O V 1 has no effects on P The situations for P D * (q 2 ) and P J/ψ (q 2 ) (shown in Figure 7 ) are similar to those for P D * τ (q 2 ) and P J/ψ τ (q 2 ) in the sense that the effects of the vector operators O V 1 and O V 2 are respectively nonexistent and almost negligible, while the effects of the tensor operator O T are shown to be significant. FB (q 2 ) are the two observables other than the differential ratios helpful in discriminating the V 2 scenario, which has the smallest χ 2 value in the fit among the allowed scenarios. 
VII. SUMMARY AND CONCLUSIONS
In this work, we have studied the new physics effects in the b → cτν transitions within the framework of the effective field theory, by performing a combined model independent analysis based on the experimental data of the semi-tauonic B → D ( * ) τν and B c → J/ψτν decays. We have paid particular attention to the employ of the input hadronic form factors which are the major source of uncertainties in the analysis of the relevant exclusive b → cτν decays. We adopt a set of B → D ( * ) form factors recently determined by performing a global fit of the HQET parametrization including higher order α s and Λ QCD /m contributions to the Lattice and LCSR results and imposing the strong unitarity constraints. For the B c → J/ψ(η c ) form factors, we find the CLFQM form factors to be well consistent with the preliminary lattice QCD results and use them as numerical inputs in this work.
With the particular choice of the form factors for the hadronic transitions, we have also obtained the best fitted values and constraints for the Wilson coefficients in each single-operator NP scenario. It is found that none of the single operators can explain simultaneously the current experimental measurements of the ratios R(D), R(D * ) and R(J/ψ) at the confidence level of 1σ, while allowed regions for the Wilson coefficients of the vector and tensor operators are obtained from the experimental constraints within 2σ along with the limit Br(B c → τν) < 10% from the LEP1 data. The obtained regions favor the vector operators O V 1 and O V 2 among all the NP operators, restrictively constrain the tensor operator O T favored in some other analyses performed by using different hadronic form factors, and rule out the scalar operators O S 1 and O S 2 . In the minimum χ 2 fit of the Wilson coefficients to the experimental measurements of R(D ( * ) ), R(J/ψ) and P τ (D * ), the V 2 scenario gives the smallest χ 2 value among the allowed scenarios by the 2σ constraints from the ratios of decay rates and the LEP1 data on Br(B c → τν).
Furthermore, we have made predictions on various physical observables for the B → D ( * ) τν and B c → η c (J/ψ)τν decays, namely the ratio of decay rates R, the τ polarization P τ , the final state meson longitudinal polarization P M , and the forwardbackward asymmetry A FB , and the corresponding q 2 differential distributions. For all of these physical observables, we have given both the SM predictions and the NP predictions using the fitted Wilson coefficients, for which the most intriguing observation is probably that the predicted R(D) and R(D * ) in the V 2 scenario are in excellent agreement with the current world averaged values. We have also obtained allowed ranges of the same observables by the experimental constraints on R(D), R(D * ) and R(J/ψ) within 2σ and the limit on Br(B c → τν). The SM predictions can be compared with other theoretical predictions using different sets of form factors as inputs, and the NP predictions are expected to be helpful in discriminating different NP scenarios given that distinctive features of the NP predictions for some of the observables have been predicted. These results can be further tested in the current LHCb, Belle-II experiments, as well as the proposed high energy colliders. In this appendix, we list the input parameters used in this work. Parameters and correlation matrix in the B → D ( * ) form factors given in [47] are 
